Collaborative or cooperative learning is widely applied in educational settings and it is often seen as a valuable learning condition by educators. An often encountered argument is that a group can achieve more than individuals working on their own (Kirschner, Paas, & Kirschner, [@CIT0026]; Slavin, Hurley, & Chamberlain, [@CIT0041]; Van Blankenstein, Dolmans, Van der Vleuten, & Schmidt, [@CIT0044]; Vojdanoska, Cranney, & Newell, [@CIT0050]). A significant part of both collaborative and cooperative learning is learning by participating in group discussions. For both teachers and students, it is important to know which learning strategies are most effective, as well as how individual differences may affect learning. Hence, in the present study, we investigated the learning effects of group discussions with and without feedback on individual performances, and assessed how the effects of learning are related to individual differences with respect to the need for cognition (NFC). NFC is a personality characteristic defined as 'an individual's tendency to engage in and enjoy thinking' (Cacioppo & Petty, [@CIT0005], p. 116). Moreover, in both cases, the effects of group discussions on learning are compared with those of test-enhanced learning, an effective learning technique with much scientific support.

Kirschner, Paas, and Kirschner ([@CIT0025]) defined collaborative learning as 'learning in a group in which knowledge and/or information may be divided across individuals, but where the group as a whole carries out the task' (p. 32). Cooperative learning is defined simply as students working together to achieve shared learning goals (Slavin et al., [@CIT0041]). In this study, the term *group learning* will be used to represent the concepts of cooperative and collaborative learning. Engaging in reflective activities in a group, in which individuals verbalise explanations and evaluate problems and solutions, has been shown to be beneficial for learning (Baker & Lund, [@CIT0002]). Nevertheless, the effects of group learning activities are not clear cut. Research in this area shows contradicting results regarding whether group activity is beneficial for learning (Kester & Paas, [@CIT0024]; Slavin et al., [@CIT0041]).

Studies on group learning effectuated in an unconstrained environment show mixed and sometimes negative results regarding learning, while research on group learning implemented in a more constrained environment has demonstrated that this method is positive for the learner (Kirschner et al., [@CIT0026]). Thus, more constrained environments, which ensure that the learners engage in more effective group activity, have the potential to aid learners in maintaining learned information (Morgan, Whorton, & Gunsalus, [@CIT0033]); these environments also stimulate learners to engage in valuable activities, such as verbalising explanations (van Boxtel, van der Linden, & Kanselaar, [@CIT0045]). Additionally, constrained environments also seem to be more beneficial for developing higher order skills when compared to traditional lecture-based learning. For example, studies comparing groups and individuals show that group learning is more beneficial than individual learning for complex problem-solving tasks, and that individual learning is more beneficial than group learning for more simple recall tasks (Kirschner et al., [@CIT0026]). Nevertheless, a constrained environment does not ensure beneficial effects of group learning, as some studies fail to show positive effects even under constrained conditions (see e.g. Mäkitalo, Weinberger, Häkkinen, Järvelä, & Fischer, [@CIT0029]; Slavin et al., [@CIT0041]; van Bruggen, Kirschner, & Jochems, [@CIT0046]). Research in this area also suggests that group learning can have negative effects on retention. Roediger, Meade, and Bergman ([@CIT0039]) argued that the information presented in a group discussion might lead participants in the group to develop false memories, as they may misattribute this information to the original learning context. However, by providing corrective feedback during discussion, one might prevent individuals from acquiring false memories. Indeed, corrective feedback following incorrect answers helps individuals arrive at the correct answer (Vojdanoska et al., [@CIT0050]), and it seems to be a very effective way of improving learning (Pashler, Cepeda, Wixted, & Rohrer, [@CIT0035]). In addition to corrective feedback, additional exposure to the material can provide an opportunity to self-correct, without being explicitly corrective.

Group discussions are, as previously indicated, a significant part of group learning and they have been defined as a group of individuals that come together for verbal communication to make decisions or simply share knowledge (Morgan et al., [@CIT0033]). In an educational context, the teacher often introduces concepts or questions to discuss, or the group analyses a problem or carries out an assigned task. Hence, group discussions are viewed within the context that the learning takes place when completing a well-defined task.

In contrast to group learning, test-enhanced learning (i.e. repeated testing as a no-stakes learning activity) has consistently, and across a wide range of materials, been shown to have beneficial effects on learning, particularly with respect to long-term learning (see, e.g. Agarwal, Karpicke, Kang, Roediger, & McDermott, [@CIT0001]; Finn & Roediger, [@CIT0013]; Jönsson, Hedner, & Olsson, [@CIT0017]; Kornell, Hays, & Bjork, [@CIT0027]; Roediger & Karpicke, [@CIT0037], [@CIT0038]; Stenlund, Sundström, & Jonsson, [@CIT0042]). A general finding in this domain is that test-enhanced learning improves an individual's learning more than just repeatedly reading certain material (Roediger & Karpicke, [@CIT0037]). This phenomenon is usually referred to as the testing effect, which is often explained by the theory that testing requires active retrieval, whereas reading and re-reading the material simply involve encoding (Karpicke & Roediger, [@CIT0021]). Research has shown that various factors, such as the number of practice tests, the timing of the test, and test feedback, influence the testing effect. Several studies have found that the effect on learning and memory consistently improves with the number of practice tests (e.g. Karpicke & Roediger, [@CIT0020], [@CIT0022]). Research also shows that spaced learning is more effective than learning grouped in the same or adjacent sessions (e.g. Dunlosky, Rawson, Marsh, Nathan, & Willingham, [@CIT0011]). Feedback is additionally important because it appears to enhance both short- and long-term learning (Butler, Karpicke, & Roediger, [@CIT0004]; Kang, McDermott, & Roediger, [@CIT0018]; Roediger & Butler, [@CIT0036]). Extensive scientific support related to the testing effect has convinced researchers that individual test-enhanced learning should be implemented in classroom settings to promote learning (Chan, McDermott, & Roediger, [@CIT0007]; McDaniel, Roediger, & McDermott, [@CIT0031]; Roediger & Karpicke, [@CIT0037]). However, as was pointed out by Kornell, Rabelo, and Klein ([@CIT0028]), there are only a few studies comparing test-enhanced learning with more active learning approaches, such as group discussions.

Additional and important factors to consider when examining learning effects are individual differences, such as enjoying thinking of and elaborating on questions or problems. Individuals frequently decide for themselves how and what they learn, and it is likely that their learning is related to how they usually process information (Evans, Kirby, & Fabrigar, [@CIT0012]; Heijne-Penninga, Kuks, Hofman, & Cohen-Schotanus, [@CIT0015]). One psychological factor related to learning is the NFC (Cacioppo & Petty, [@CIT0005]). NFC describes variations in motivation and effort in the individuals' cognitive processing (van Seggelen-Damen, [@CIT0049]). Motivation is also a factor that is particularly important for successful group learning, and it has been examined in a number of studies in this field (Slavin et al., [@CIT0041]). From this perspective, individuals with a high NFC are more motivated to think about and seek information for sense-making purposes, while individuals with low NFC are more likely to rely on others (e.g. experts) to provide them with this information (Cacioppo, Petty, Feinstein, & Jarvis, [@CIT0006]). NFC as a concept has been studied by psychologists for many years (Cohen, Stotland, & Wolfe, [@CIT0008]; Maslow, [@CIT0030], etc.), and Cacioppo and Petty ([@CIT0005]) eventually developed a scale to measure NFC. High NFC has been shown to have a beneficial influence on learning, and differences among individuals in their tendencies to engage in and enjoy thinking have been widely studied in a variety of contexts; see Cacioppo et al. ([@CIT0006]) for a review. More recently, a study investigating the types of academic motivations that predict student attendance at a special class for gifted students found that NFC was the strongest predictor (Meier, Vogl, & Preckel, [@CIT0032]).

In summary, there is mixed evidence as to whether group discussions are beneficial for learning; in addition, only a few studies have investigated individual performance as a function of group discussions. Test-enhanced learning, on the other hand, seems to be an effective individual learning technique. However, test-enhanced learning has rarely been compared to other more meaningful learning strategies (but see Karpicke & Blunt, [@CIT0019], for a comparison with concept mapping). For both test-enhanced learning and group discussions, feedback has shown to be effective for correcting and enhancing performance. Finally, a largely ignored aspect of learning is how the characteristics of individual engagement and enjoyment in thinking (i.e. NFC) relate to performance when one is required to participate in group discussions.

Purpose and research questions {#S0002}
==============================

The purpose of the current study was to compare a collaborative form of learning -- namely, group discussions -- with another well-known but individual learning strategy: test-enhanced learning. This study focuses on the individual learning outcomes of group learning; group learning is operationalised as group discussions of a previously studied material. Prior studies have convincingly shown that test-enhanced learning is an effective learning technique (e.g. Dunlosky et al., [@CIT0011]), but it has, to our knowledge, never been compared with the individual learning outcomes of group discussions. We also examined how the presence or absence of corrective feedback during group discussions affects student learning, with the expectation that discussion followed by feedback should lead to better performance than discussion without feedback (Kelley & McLaughlin, [@CIT0023]). Thus, test-enhanced learning with feedback is seen as the baseline against which group discussions with and without feedback are compared.

Further, we investigated whether individual differences in NFC affect group discussions. Previous studies have shown that NFC is related to information acquisition, reasoning and problem solving (Cacioppo et al., [@CIT0006]). Hence, it is reasonable to expect that participants with higher NFC should outperform their lower scoring counterparts. By investigating NFC and its effect on learning in group discussions, and when compared to test-enhanced learning, we intend to shed light on whether individuals with specific characteristics benefit more from one learning strategy over the other. In this respect, we are particularly interested in how NFC relates to the efficacy of group discussions, as it is possible to presume that those scoring low on NFC do not engage as much or as actively in group discussions, and that this may negatively impact the usefulness of group discussions for the low-scoring group. To measure learning outcomes, we assessed retention individually after 15 min, and again after one and four weeks.

Method {#S0003}
======

Participants {#S0004}
------------

The participants included 131 students -- 106 females (81%) and 25 males -- in an upper-secondary school in the northern part of Sweden. The sample was homogenous with respect to ethnicity. The participants' ages ranged from 16 to 19 years, with a mean age of 17.2 years (SD = .61). Students who were not present on all four occasions were excluded, and no other exclusion criteria were used; a total of 98 participants completed the study. The mean age in this cohort was 17.2 years (SD = .59) and 80% were female. With regard to these background variables, they can be regarded as a representative sample.

Written consent was obtained from all participants. The school board, principals and teachers of the involved institution permitted the study. This study was conducted within the students' original class schedule and was completed in their own classrooms. No financial compensation was given to the participants.

Design {#S0005}
------

A 3 × 3 mixed factorial design was used with group serving as the between-subjects factor and retention interval as the within-subjects factor. The participants were randomly assigned to one of three groups, which will be referred to as the discussion without feedback (*n* = 35; 27 females and eight males), discussion with feedback (*n* = 31; 27 females and four males) and test-enhanced learning groups (*n* = 32; 25 females and seven males). To ensure that the groups were comparable, grades (nine-year compulsory school), age and gender were compared. The results of a one-way ANOVA showed that there were no significant differences in grades, *F*(2, 95) = .83, *p* = .439, or age, *F*(2, 95) = .20, *p* = .822, between the three groups. Further, a chi-square statistical analysis showed that the three groups did not differ significantly with regards to gender, *x* ^2^(2, *n* = 98) = 1.23, *p* = .541. These results suggest successful random group assignment. During the actual discussions, the two discussion groups were further randomly subdivided into small discussion groups (10 groups, respectively) with four to five students in each subgroup. The random assignment led to a configuration where some small discussion groups consisted of females alone, while no groups consisted of solely males. With respect to retention interval, all participants were tested with the same items as during the learning occasions. This was completed 15 min after the last learning session (denoted as the 'immediate test'), one week later, and four weeks later (denoted as the 'One week' and 'Four weeks' retention tests).

Materials {#S0006}
---------

The study materials included 23 pages from a chapter on human emotions from a Swedish psychology textbook (Rydén & Wallroth, [@CIT0040]), which was divided into 16 short passages covering different affects and their functions.

In total, 16 open-ended questions were developed, one for each of the 16 short passages in the textbook chapter. The 16 questions differed in complexity. Thus, some questions were directed towards factual knowledge and asked for *who*, *what*, or *which*, requiring only a one- or two-word answer. For example, *Who explained primary affects as short and relatively distinctive?* Meanwhile, some questions were directed to more complex knowledge and asked for *why*, *in what way*, or *what does it mean that* -- mainly requesting explanations -- thus requiring longer answers when compared to the former. An example of this type of question is, *In what way are affects such as disgust important to us?* Even though the questions differ somewhat in complexity, the internal consistency for all questions was .83 (which represented the mean coefficient alpha for the three retention tests), suggesting content homogeneity.

Instruments {#S0007}
-----------

### Questionnaire with background information and experience of the text {#S0008}

A questionnaire was administered asking about the participants' age and gender, and three questions about their experience with the textbook material. First, the participants were asked how much of the text they had read; 63% of the participants read the entire textbook material during the study period, while another 33% had read more than half of the text. Second, the participants were asked how much of the information in the textbook material was familiar to them; 11% answered that most of the text was familiar, 38% answered that about half the information in the text was familiar, while 44% found either a small part or nothing (7%) to be familiar. Third, the participants were asked how they perceived the textbook material. Overall, 25% perceived the text as easy or very easy, 42% perceived the text as neither easy nor difficult, and 30% considered the text to be somewhat difficult. Chi-squared statistical analysis showed that the three groups did not differ significantly with regards to how much of the text they had read, *x* ^2^(4, *n* = 98) = 6.47, *p* = .17; how much of the text was familiar to them, *x* ^2^(6, *n* = 98) = 2.87, *p* = .82; or how difficult the text was perceived to be, *x* ^2^(6, *n* = 98) = 10.72, *p* = .09.

### Questionnaire to determine how the discussion groups spent their time {#S0009}

A questionnaire was also administered to the discussion groups to examine how much time they spent discussing the different questions. Twenty-eight per cent responded that they used about half of the time to discuss the questions. About 40% responded that they used more than half of the time or nearly all of the time to discuss the questions, and about 32% reported that they used less than half of the time or hardly any time to discuss the questions. The students were also asked if they devoted more time to specific questions. Seventy-three per cent responded that they devoted more time to the more demanding questions, 16.5% spent equal amounts of time to the two types of questions, and the remainder reported that they did not know. It is important to note that the discussion groups without feedback and the discussion groups with feedback did not differ significantly in the amount of time spent to discuss the different questions, *x* ^2^(2, *n* = 66) = 5.48, *p* = .06.

### Mental Effort Tolerance Questionnaire -- NFC {#S0010}

NFC was measured using the short version of the *Mental Effort Tolerance Questionnaire* (METQ; Dornic, Ekehammar, & Laaksonen, [@CIT0010]), which is a Swedish adaptation of Cacioppo and Petty's ([@CIT0005]) original *Need for Cognition Scale*. The questionnaire consists of 30 items rated on a five-point Likert scale (1 = strongly disagree; 3 = neutral; 5 = strongly agree), with a possible score range from 30 to 150. Twelve of the statements represented positive attitudes toward engaging in and enjoying thinking, while 18 indicated negative attitudes. The items indicating negative attitudes were reversed before calculating the METQ score; therefore, high scores were associated with high NFC. In Dornic et al. ([@CIT0010]), the scale was considered to be valid, with one clear dominant factor (eigenvalue = 9.12) -- a result that is in line with the original NFC scale (Cacioppo et al., [@CIT0006]); this scale was also reliable (coefficient *α* = .90).

Procedure {#S0011}
---------

Data were collected in the fall semester of 2012. On day one, all participants were given 40 min to read the chapter about human emotions (the textbook material), after which the questionnaire, with questions related to background information, as well as questions pertaining to how the students experienced the text was administered. The study phase was followed by a practice phase in which the participants participated in either the test-enhanced learning group or one of the two discussion groups.

In the first practice session, the test-enhanced learning group repeated the test two times (approximately 20 min per test). The order of the items was randomised for each test. The items were displayed using a Microsoft PowerPoint slideshow; the students recorded their responses using an answer sheet (pen and paper). A slide showing the correct answer (feedback) was given before the next question. During the same amount of time (40 min), the participants in the discussion groups with and without feedback discussed the same 16 questions with the textbook material in hand. At the end of the session, the participants in the discussion group with feedback were provided with feedback (i.e. the correct answer to the questions).

On the following day, a second practice session took place. Similar to the first practice session, the participants in the test-enhanced learning group completed two practice tests and feedback was provided after each question; the discussion groups discussed the same questions with the textbook material at hand, and the correct answer was provided to participants in the discussion group with feedback. Afterwards, the METQ was administered to all participants, which took approximately 10 min to answer. This practice phase was followed by the test phase, and the METQ was used as a distracter between the practice and test phase; the METQ also served as an important part of the study.

### Immediate test and delayed tests {#S0012}

On day two, learning was assessed with the immediate test, which featured the items presented in the training sessions. The order of items was altered in this test. The items were displayed in the same manner as in the practice sessions -- that is, with a PowerPoint presentation, but without feedback. The students recorded their answers using an answer sheet. At the end of the first retention test (the immediate test), a questionnaire that included some questions about how the discussion groups spent their time during the practice discussions was administrated to all discussion groups. The same items and procedure that were used in the immediate retention test were also used in the two delayed tests.

### Scoring of the retention tests {#S0013}

To ensure the reliability of the retention test results, the tests were scored by two independent raters and inter-rater reliability was measured with Cohen's kappa statistic (.80) and per cent agreement (92%), suggesting a substantial agreement between the two raters (Watkins & Pacheco, [@CIT0051]).

Results {#S0014}
=======

The alpha level was set to .05, or .01 when the assumption of equal variance was violated. To estimate effect sizes, we used partial eta squared (). Tukey--Kramer *post hoc* tests were used as follow up to the ANOVA analyses.

Retention test performance {#S0015}
--------------------------

One purpose of this study was to examine the learning effects of discussions with or without feedback, as well as of test-enhanced learning on later retention tests. To investigate this, retention test performance was entered into a 3 (Group: discussion group, discussion group with feedback vs. test-enhanced learning) × 3 (Retention interval: immediate, one week, four weeks) mixed-model ANOVA. Since Mauchly's test showed that the assumption of sphericity was violated, we inspected the multivariate statistics and reported the values of Wilks' Lambda (Λ). The results revealed main effects of group, *F*(2, 95) = 14.82, *p* \< .0001, , and retention interval, Λ = .64, *F*(2, 94) = 25.94, *p* \< .0001, . These effects were qualified by a statistically significant interaction effect between group and retention interval, Λ = .87, *F*(4, 188) = 3.27, *p* = .013, .

To further examine the interaction effect, three separate between-subjects one-way ANOVAs were conducted -- one for every test occasion. The groups differed reliably at the immediate test, *F*(2, 95) = 20.02, MSE = 12.06, *p* \< .0001, , at the 1-week test, *F*(2, 95) = 10.59, MSE = 13.89, *p* \< .0001, ), as well as at the 4-week test, *F*(2, 95) = 9.53, MSE = 12.36, *p* \< .0001, . Tukey--Kramer *post hoc* comparisons showed that the test-enhanced learning group significantly outperformed the two discussion groups on all three test occasions (Figure [1](#F0001){ref-type="fig"}; immediate test: *p* \< .0001 and *p* \< .0001, delayed test one; *p* \< .0001 and *p* = .008, delayed test two; *p* = .001 and *p* = .001). As also evident from Figure [1](#F0001){ref-type="fig"}, the two discussion groups did not differ significantly at any retention interval. In summary, the results indicate that feedback does not enhance learning in the discussion groups. Further, it was also found that the test-enhanced learning group consistently outperformed the discussion groups.

![Mean proportion of correct responses for the three groups in the three retention tests. Error bars represent the standard error of the mean.](cedp_a_1143087_f0001_b){#F0001}

To examine whether the type of question (factual or complex) would differentiate the main group effect, group was entered as a fixed factor in a multivariate ANOVA (MANOVA); the composite scores for each type of question were collapsed across all three intervals, which served as the dependent variables. The results of this analysis mimic those of the previous analysis. There was a significant multivariate effect of group, Λ = .68, *F*(4, 190) = 9.19, *p* = \<.0001, . Separate univariate ANOVAs revealed a significant effect of group for both factual, *F*(2, 95) = 5.39, *p* = \<.01, , and complex questions, *F*(2, 95) = 20.49, *p* = \<.0001, . Tukey--Kramer *post hoc* comparisons showed that the means for the test-enhanced learning group with regard to factual and complex questions (*M* = 16.53, SD = 4.8, and *M* = 16.12, SD = 6.5, respectively) was significantly higher for both types of questions when compared to the discussion group (*M* = 13.11, SD = 5.0, and *M* = 7.08, SD = 5.1, respectively) and the discussion group with feedback (*M* = 12.90, SD = 5.1, and *M* = 9.23, SD = 6.3, respectively). The two discussion groups did, however, not differ significantly.

NFC and learning {#S0016}
----------------

To ensure that the groups were comparable with respect to their METQ scores, we first performed a one-way ANOVA with group as the independent variable and the METQ score as the dependent variable. There were no significant differences in METQ scores between the three groups (i.e. discussion with or without feedback, and test-enhanced learning), *F*(2, 95) = .46, *p* = .62, showing that the groups were equal in terms of participants' METQ scores.

To pursue the question of whether the participants' NFC was related to how group discussions affected learning, we divided the participants into two separate groups according to the mean split on their individual METQ scores (*M* = 98, SD = 15.0, Median = 99; indicating no problem with extreme values). Thus, the participants in the two discussion groups and the test-enhanced learning group were divided into participants with a high NFC (high METQ scores, \>98, *n* = 47) and those with a low NFC (low METQ scores, \<98, *n* = 50). One participant who received exactly the mean score was excluded from the analysis. The retention test performances were entered into a 3 (group: discussion group, discussion group with feedback, and test-enhanced learning) × 3 (retention interval: immediate, one week, four weeks) × 2 (NFC; high, low) mixed-model ANOVA. There was no statistically significant interaction effect for time × group × NFC, Λ = .97, *F*(4, 186) = .54, *p* = .703, nor for group × NFC, *F*(2, 94) = .847, *p* = .432. There was, however, a main effect of NFC, *F*(1, 95) = 5.06, *p* = .027, . Those with a high NFC score remembered the information better than those with a low NFC score across all three retention tests. Although the interaction effect of group × NFC was not significant, the main effect of NFC appears to be driven by a large difference in performance between high and low NFC in the two discussion groups, while the differences in the test group was strikingly similar for all three retention tests (see Table [1](#T0001){ref-type="table"}).

###### Mean (SD) retention test performance at the immediate test, one-week test and four-week test in the three groups as a function of NFC (i.e. METQ) score. The lower part of the table shows the means (SD) merged across the three groups.

  Group                              Retention tests                 
  ---------------------------------- ----------------- ------------- ------------
  *Test-enhanced learning group*                                     
  High NFC                           12.53 (3.4)       10.95 (4.1)   9.53 (4.4)
  Low NFC                            12.23 (3.4)       10.31 (3.9)   9.62 (3.2)
                                                                     
  *Discussion group*                                                 
  High NFC                           8.53 (3.2)        7.41 (3.6)    7.12 (3.5)
  Low NFC                            6.39 (2.9)        5.78 (2.6)    5.33 (2.7)
                                                                     
  *Discussion group with feedback*                                   
  High NFC                           9.43 (4.4)        9.57 (3.8)    7.36 (4.0)
  Low NFC                            7.06 (3.2)        6.69 (3.3)    5.63 (2.6)
                                                                     
  *Total group*                                                      
  High NFC                           10.30 (4.0)       9.36 (4.1)    8.10 (4.0)
  Low NFC                            8.23 (3.9)        7.34 (3.7)    6.62 (3.3)

Discussion {#S0017}
==========

The present study showed that providing feedback to group discussion participants did not aid in the learning and retention of the material at any retention interval, beyond that of the discussion without feedback; moreover, test-enhanced learning with feedback was consistently more effective than group discussions. Most interestingly, the present study also showed that NFC is a personality characteristic that is important to consider when investigating learning. Although the group × NFC interaction analysis was non-significant, the results indicate that students with high NFC benefit more from participating in group discussions, as opposed to those with low NFC. Conversely, the performance of high and low NFC participants within the test-enhanced learning group was almost identical across all three retention intervals.

Given the previous research, we expected that feedback would enhance learning outcomes after group discussions (Roediger et al., [@CIT0039]; Vojdanoska et al., [@CIT0050]). Instead, and somewhat surprisingly, we found that corrective feedback did not have any effect on learning outcomes. A possible explanation for this result could be that the two discussion groups interpreted the questions as being relatively easy, and that the provided feedback did not actually provide any required answer correction beyond what was already identified (Vojdanoska et al., [@CIT0050]). Further, the feedback to the discussion groups was provided in written form, and it is possible that the feedback might have been more effective had it been provided orally with a request to also respond orally, thus creating a more active discussion process. This would have likely increased the amount of time participants spent on the questions which, in turn, could have facilitated subsequent performance, as participants would be forced to elaborate on the questions.

We were particularly interested in the relative efficacy of group learning via group discussions when compared with test-enhanced learning. Test-enhanced learning led to better learning than discussion on all three retention intervals, regardless of whether the questions in the retention tests where factual or more complex. Given earlier research, group learning might be expected to be more successful when answering the more complex questions (Kirschner et al., [@CIT0026]; van Gog & Sweller, [@CIT0048]). This result confirms previous research about the beneficial effects of test-enhanced learning, but it provides new and valuable information for both teachers and students on how to most effectively teach or study. The difference might be explained by the amount of time the participants in the discussion groups spent on discussions. The self-rated assessments of the questionnaire indicate that, on average, participants only spent about half the allotted time discussing the questions. It is possible that if participants would have spent more time on the discussions, their performance might have improved. Nevertheless, from a didactical perspective, we believe allocating certain amounts of time to the task at hand mirrors a normal school situation. It is possible that students' experience where 'they know the answers' is based on a feeling of familiarity with the material; conversely, it might be the case that once the participants have perceived that they have already learned the information, they will not allocate any more time to the questions. However, given this study's sample size, it cannot be ruled out that higher power in the analyses would have generated significant differences between group discussions with and without feedback. Hence, there is a risk of a type II error. Another limitation might be that the present study had more female participants than male participants; it is thus possible that an equal number of females and males had generated different results.

There are other plausible explanations that are directly related to comparing test-enhanced learning with group discussions. As was pointed out earlier, there are many studies showing that test-enhanced learning is superior to re-reading the material (i.e. re-study). The effortful retrieval hypothesis has been put forth as a likely explanation for this effect. The basic assumption of the effortful retrieval hypothesis is that more demanding or effortful retrieval during practice strengthens memory, and thus facilitates later recall when compared to studying, which mainly relies on encoding (Bjork, [@CIT0003]; van den Broek, Takashima, Segers, Fernández, & Verhoeven, [@CIT0047]). In the context of the present study, it is possible that participating in group discussions (during which the answers to the questions are always present) bear similarities with re-reading, at least for the participants that are not interested in actively engaging with the material. Test-enhanced learning, on the other hand, requires active engagement with every test question (or at the very least, calls for it).

The transfer-appropriate processing hypothesis is another possible explanation for the beneficial effect of testing over discussion (Morris, Bransford, & Franks, [@CIT0034]). It states that the more similar the processes and/or contexts between practice sessions and later tests, the greater the final test performance is facilitated (cf. encoding specificity hypothesis; Tulving & Thomson, [@CIT0043]). In the present study, the practice sessions and subsequent retention tests were identical for the test-enhanced learning group, except for the fact that no feedback was provided during the final retention tests, and that the order of the questions was changed. For the discussion groups, the answers to the questions could be found in the text, which was always at hand (with exactly the same phrasing used for the test-enhanced learning group); the answers could therefore be re-read many times during the group discussion sessions. Although several studies have shown that test-enhanced learning is superior to re-reading, it cannot be ruled out that re-reading interfered with the discussions and therefore negatively affected participants' performance (see Roediger et al., [@CIT0039], for a discussion about social influences and false memories).

The analyses of the individual differences in NFC convincingly showed that a person's NFC is important for later performance. As was noted in the introduction, more constrained group discussion appears to be more beneficial for learning (Morgan et al., [@CIT0033]). In the present study, both group discussions that used predetermined questions, as well as the test-enhanced learning condition, have to be regarded as constrained situations. However, the main effect of group on retention performance is still differentiated in terms of NFC. These results suggest that individual differences in motivation -- or, as was operationalized by Cacioppo and Petty ([@CIT0005]), to 'engage in and enjoy thinking' -- is not as important in the context of test-enhanced learning as it might be in other learning contexts, such as group learning. Previous studies have also shown that NFC is associated with intelligence (Hill et al., [@CIT0016]). Thus, individuals with high intelligence also report high NFC. As intelligence is known to be positively associated with memory performance, this might at least partially explain why those with high NFC outperformed the low NFC group in the retention tests.

Conclusion and further research {#S0018}
===============================

The present study shows that written feedback in a group discussion is ineffective, that test-enhanced learning is superior to group discussion, and that NFC is a personality characteristic that affects individual learning outcomes. The results of this study provide unique insights into a problem that is rarely touched upon in school: the use of group discussions under the pretext that it is effective for learning (Morgan et al., [@CIT0033]). The result that test-enhanced learning was superior to group discussions, regardless of retention interval, whether feedback was provided or not, and NFC level, provides new and valuable information about both learning conditions. Hence, the implication from the present study is that overusing group discussions as a didactical method is not advisable. When a learning strategy (or context) fails, irrespective of whether it is collaboratively or individually organised, the conclusion to draw is that the students or pupils do not need more of that learning strategy; rather, that they need something else (Hattie, [@CIT0014], for a review of visible learning). If the target knowledge, as in this case, is to retrieve both simple and more complex factual knowledge (which is a common task in school), it is obvious that test-enhanced learning is a better option and should be utilised to a greater extent in educational settings.

Further research is needed to corroborate the results of the present paper. Thus, this study should be successfully replicated in the same, and different, settings. Furthermore, although the present study indicates that NFC is more important for performance during a group discussion than during test-enhanced learning, the evidence is inconclusive and needs to be examined further. In addition, it is also likely that individuals with higher intelligence also have higher NFC (Hill et al., [@CIT0016]), and such measures should thus be included in future studies. Moreover, as collaborative learning is argued to facilitate learning, and given that test-enhanced learning in groups has been found to be effective (Cranney, Ahn, McKinnon, Morris, & Watts, [@CIT0009]), it would be interesting to manipulate the level of interaction between participants within the context of test-enhanced learning.
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